Abstract. In order to improve the efficiency of automated storage and retrieval system, expert systems were applied in the optimization of storage management and job scheduling of automated storage and retrieval system. By analyzing the experience of experts in the field, a knowledge base based on production rules was established. The expressions of knowledge are divided into three categories: storage allocation rules, tasks to sort rules and other rules. The application of forward inference engine designed the flow of reasoning, by which a more rational allocation of storage and quicker job scheduling were realized. Experimental results show that in the automated storage and retrieval system, applying expert system in the cargo space management and job scheduling optimization can effectively improve the operation efficiency of automated storage and retrieval system.
Introduction
Automated storage and retrieval system is a shelf storage system which using computer to control and manage for access operations implemented by automatic transport equipment. Cargo space management and job scheduling is the primary mean to improve the efficiency of automated storage and retrieval system. Traditional automated storage and retrieval system arranges the job order generally on the basis of the principle of priority in the process of job scheduling, and manually set job with a specific priority for the auxiliary. Which can generally meet users' normal requirements However, with increasing demands on the logistics efficiency and energy saving, the requirements for the operation efficiency of the automated storage and retrieval system are becoming higher and higher. Because the traditional method had been unable to meet people's requirements, the optimal scheduling problem of location assignment operation has been the industry's attention and carried out in-depth research which using a lot of methods such as simulated annealing, genetic algorithms, neural networks, Petri nets, etc. Simulated annealing algorithm is a kind of generalized random search algorithm, which can find the global optimal solution as far as possible. However, in order to ensure the better solution, the algorithm often takes slow cooling, multi-sampling, etc, resulting in a long run of the algorithm, which is the biggest drawback of simulated annealing. Genetic algorithm is a kind of parameter search algorithm based on natural selection and natural genetic mechanism. The choice of operator, such as selection, crossover and mutation, is easy to affect the quality of solution.
The Cargo Space Management and Job Scheduling based on Expert System.
Expert system is a kind of intelligent program system which integrates the experience and expertise of experts in the application domain, and then simulates the thinking process of human experts to solve the problem. Expert system is composed of 6 parts generally: man-machine interface, knowledge acquisition, knowledge base, reasoning machine, comprehensive database and interpretation system, in which knowledge base and reasoning machine are two significant components of expert system. The knowledge base stores the expertise about related field from the domain experts. The structure of automated storage and retrieval system about cargo space management and job scheduling based on the expert system is shown in Fig 1 . 2) Speed up the turnover, first in first out. When the same kinds of goods out of the storage, we will follow the principle of first in first out to speed up the turnover of goods and effectively avoid the damage of corrosion, deformation, deterioration caused by long-term backlog of goods and the loss from other problems.
3)The principle of uniform distribution. In the centralized storage, the same kind of goods will be distributed to different roadway to enter the storage. It can improve the entry speed and prevent the roadway congestion that affect out-in storage operation.
4) The principle of the nearest. In order to ensure rapid response to the storage request, the goods will be placed nearby the entrance of storage platform. Job Scheduling for Out-in of Storage. Reasonable scheduling is one of the most effective means to improve the efficiency of automated storage and retrieval system, the main scheduling principles as follows :
1) The out of storage task is implemented firstly. When there are several tasks at the same time about out of the storage, we will implement the most urgent task firstly.
2) We implement the mission of entering storage until the implementation of the entering storage task does not affect other exit storage tasks being completed on time.
3) If the stacking machine of the entering task is faulty, the task will be stopped. 4) We should follow the principle of priority in job scheduling to ensure that first response to the highest priority task, namely the highest operational tasks of real-time requirements.
The Knowledge Representation of Automated Storage and Retrieval System. There are many ways to express knowledge in expert system, such as logical representation, semantic network representation, etc. According to the characteristics of automated storage and retrieval system, we adopt the generative rule representation in this paper which is most widely used. In the light of the experience about cargo space management and job scheduling optimization of the field expert, the knowledge in the knowledge base is composed of the distribution rules, task scheduling rules and other rules. ..... 3) Others rules R1: if the state of the stacker is idle then the stacker number is obtained; R2: if the stacker is numbered 1 and the stacker is idle then the l # stacker is issued instruction; R3: if the stacker numbered is 2 and the stacker is free then the 2 # stacker is issued instruction; ......
The Inference Machine for Automated Storage and Retrieval System
The inference machine is an important part of the expert system. Whose main task is to search for the corresponding knowledge according to current state to to solve the problem. There are three main methods: forward reasoning, reverse reasoning and forward-backward hybrid reasoning. In this paper,we adopt the forward reasoning algorithm which is used more commonly. The main work includes: 1) According to a certain strategy, the rules are chosen from the knowledge base to match with the facts in the comprehensive database. The corresponding rules can be used when the prerequisites of the rule in the comprehensive database are consistent with the known facts or it approximately consistent with the fact and meet the prerequisites. Otherwise the inference machine will match with the next rule in the knowledge base.
2) If there are more than one rule which be matched successful, the reasoning agency will call the corresponding policy to digest to select one be executed.
Experiment Results
The configuration of automated storage and retrieval system which in CNC machine factory of an aviation stock company is as follows: There are four rows of shelves, with a total of 20 rows of 13 storey; unit cargo grid length is 1.67 m, width 0.8 m, height 0.7 m. Horizontal running speed of stacking machine is 100m/min and acceleration is 0.3m/s2; the vertical running speed of stacking machine is 25 m / min and acceleration is 0.2m/s2; the speed of stacker fork is 20m/min and acceleration is 0.2m/s2. For the above three-dimensional storage, the program would be made with Delphi7.0 and SQL Serv-er2000 database to implement expert system. 20 goods are selected for out-in storage operations experiment and repeat the operation 10 times, the data shown in Table 1 . It can be seen from Table 1 that the time required for storage in a random storage operation is large and the average storage time is 1647.6 s. The average time of storage operation using neural network algorithm is 1607.4 s. The average storage time of the expert system for storage operation is 1575.2 s. Compared with the random network operation, the time saving is 72.4s, compared with the neural network algorithm, the time saving is 32.2s, and the variation range is small.
Tab.1 Experimental data table

Conclusion
Aiming at the low efficiency of the automated storage and retrieval system, the scheme of optimizing the cargo space management and job scheduling based on the expert system was put forward in this paper. The overall structure of the expert system was designed, the knowledge base based on the production rules was established and the reasoning process based on the forward reasoning method was designed. Experiments show that the application of the expert system for cargo space management and job scheduling optimization can reduce the running time of stacking machine and can improve the efficiency of automated storage and retrieval system effectively.
